Breaking the diffraction limit and focusing laser beams to subwavelength scale are becoming possible with the help of recent developments in plasmonics. Such subwavelength focusing bridges different length scales of laser beams and matter. Here we consider optical vortex, or laser beam carrying orbital angular momentum (OAM) and discuss potential subwavelength magnetic phenomena induced by such laser. On the basis of numerical calculations using Landau-Lifshitz-Gilbert equation, we propose two OAM-dependent phenomena induced by optical vortices, generation of radially anisotropic spin waves and generation of topological defects in chiral magnets. The former could lead to the transient topological Hall effect through the laser-induced scalar spin chirality, and the latter reduces the timescale of generating skyrmionic defects by several orders compared to other known means.
Introduction-Realization of ultrashort laser pulses with femto-to pico-second width now offers a powerful tool for the study of non-equilibrium, ultrafast phenomena in solids. Since the pioneering observation of ultrafast demagnetization in Nickel by Beaurepaire et al in 1996 [1] , such highly non-equilibrium, laser-induced physics is one of the most important research subjects in the field of magneto-optics [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
So far, most of ultrafast magneto-optical phenomena in solids are explored using laser beams with Gaussian spatial profile. In 1992, however, Allen et al. proposed [17] a new type of laser beam, now called optical vortex [18] . Optical vortex is a beam carrying orbital angular momentum (OAM), which can be transferred to physical systems as, for example, mechanical rotation of (semi-) classical particles [19] [20] [21] [22] . In the past decades, many applications such as super-resolution microscope [23] and optical ablation [24, 25] are developed. However, the use of optical vortex for controlling microscopic magnetic degrees of freedom of solids is almost unexplored.
The main difficulty in is in the mismatch between the timescales. Typically, the timescale of spin dynamics is in the Tera Hz (THz) or Giga Hz region, but the wavelength of optical vortex of such frequencies is too large for individual spins to "feel" its characteristic spatial profile. Using heating effect, as discussed in Ref. 26 is one option to resolve this issue, but here we take another approach: breaking the diffraction limit [27] [28] [29] [30] of THz beams to realize the subwavelencth optical vortices [31] . Stimulated by the enormous successes for the microwave and visible light, breaking the diffraction limit of THz beams is actively explored and the technologies are rapidly developing recently with the help of plasmonics. We can now design the spatial profile of THz beams at the subwavelength scale [32] and actually focus the THz optical vortices [33] using designed metallic structures such as an array of antennas. Although the technology is still primitive, the prospect for the deep subwavelength focusing of THz beams stimulates studies of ultrafast magnetic phenomena induced by such beams.
In this paper, with numerical calculations based on the Landau-Lifshitz-Gilbert (LLG) equation, we seek the ultrafast manipulation of magnets through Zeeman and magneto-electric (ME) coupling between spins and the subwavelength optical vortices. We find that optical vortex can be used to excite multipolar and spiral spin waves with OAM dependent wavefronts, which enable us to dynamically generate inhomogeneous spin texture and would induce the transient topological Hall effect [34] [35] [36] [37] [38] [39] .
Moreover, for chiral ferromagnets with DzyaloshinskiiMoriya (DM) interaction [40, 41] we observe OAMdependent generation of topological magnetic defects such as skyrmioniums [5, 42] and skyrmions [43] [44] [45] [46] , both of which are prospected as ingredients of future magnetic memory devices. We find that OAM of lasers can be transferred as the topological number, i.e. the number of skyrmions generated by the beam. We show that the spatial profile of the subwavelength optical vortex offers an ideal tool for creating skyrmionic defects and the timescale of their generation can be orders of magnitude shorter than other known schemes like heating [26, 47] and electric current pulses [48, 49] .
Optical vortex-Optical vortex, or Laguerre-Gaussian (LG) mode is a class of solutions of Maxwell's equations in a vacuum under the paraxial approximation. The derivation of LG modes can be found in literatures [17, 18] . In the cylindrical coordinate (ρ, φ, z), where ρ is the radial coordinate and φ the azimuthal angle, the field configuration of LG modes propagating in the z direction is given as B(ρ, φ, z = 0) ∝ e p B m,p (ρ, φ, z = 0) at the focal plane (z = 0). Here e p is the polarization vector, e p =x,ŷ for linearly polarized light and e p =x ± iŷ for circularly polarized light. The spatial profile B p,m is characterized by two integers, radial index p and OAM m:
where L |m| p (·) is the generalized Laguerre function. The non-vanishing phase twist for m = 0 requires the field to vanish at the topological singularity ρ = 0. The beam waist W represents the size of optical vortex (see Fig. 1 ), and usually cannot be smaller than a half the wavelength because of the diffraction limit. However, as we mentioned, by using plasmonics techniques [27] [28] [29] [30] [31] [32] , in principle we can take W to be much smaller than the wavelength. In the rest of this paper, we consider the simplest optical vortex with the radial index p = 0. We note that LG modes of electric fields, which we consider in the supplementary material, have the same form as magnetic fields presented above, as far as we are discussing the beams propagating in a vacuum. Model and numerical method-In this paper, we numerically investigate the laser-driven dynamics of (chiral) ferromagnets. Particularly, in the following, we focus on Zeeman coupling between spins and magnetic fields of optical vortices and study the spin dynamics in the framework of LLG equation. The effect of ME coupling, which can be important and useful in multiferroic materials [50, 51] , is discussed in the supplementary material, where we observe qualitatively the same results obtained for Zeeman coupling presented below. Depending on the sign of m, these magnetic field distributions rotate in either clockwise (CW) or counter-clockwise (CCW) way. As we discuss below, the spatially-inhomogeneous in-plane structure of optical vortices shown in Fig. 1 and its time-dependent rotation induce various characteristic phenomena.
Let us consider the situation where a square lattice classical (chiral) ferromagnet is placed at the focal plane of the optical vortex. The Hamiltonian we consider is
where a is the lattice constant and e i is the unit vector along the i-axis (i = x, y). The vector m r represents the spin at the site r, with its norm normalized to unity. We have the ferromagnetic Heisenberg interaction J > 0, DM interaction with DM vector D i = D e i on the bond ( r, r + a e i ) [52] , and the static external magnetic field applied in the z-direction H z aside from the optical vortex. The last term describes Zeeman coupling between spins and the optical vortex. The Hamiltonian Eq. (S1) is a canonical model of (chiral) ferromagnets. Despite its simplicity, this model well describes some experimental results of the actual three dimensional (thin film) materials and is widely used for the study of their topological defects, i.e. skyrmions [43] [44] [45] [46] (see Ref. 46 for the review). With increasing the external field H z , the model shows the helical ordered phase, skyrmion lattice phase, and the ferromagnetic phase as observed in thin film materials [53] . In the supplementary material, we give a brief review of this model, the phase diagram and topological defects therein. Depending on the materials, the size of skyrmions can vary from nm to µm [45, 46, 54] .
The dynamics of spins under the applied optical vortex is determined by the following LLG equation for the model Eq. (S1) [46] :
The time coordinate t is normalized by /J, which corresponds to 0.13 ps for J = 5 meV. The second term in the right hand side of Eq. (3) is the Gilbert damping term describing the dissipation with strength determined by the dimensionless parameter α. We see that each spin precesses around the normalized effective field H eff = − ∇ m r (H/J), and damps towards that. Hereafter, we take = J = 1. Namely, in the following H z , B, and D are measured in the unit of J, and the time is in the unit of /J. In the THz region, heating caused by the laser absorption is small, so that we ignore the laser heating effect in the following. Actually, magnetic resonance experiments on magnets and multiferroic materials for THz light can be well explained by theory without taking the heating effect into account (for example, Refs 55 and 56). In Ref. 55 , for an antiferromagnetic dielectric HoFeO 3 the temperature change caused by a short intense (∼ 1 Tesla) THz magnetic field pulse at the magnetic resonance is estimated to be about 1mK (< 10 −4 meV). This is orders of magnitude smaller than the energy scale of the direct coupling between spins and light.
For the numerical calculations, we use the fourth-order Runge-Kutta method with numerical time step of the calculation ∆t = 0.2 /J. We consider a system consisting of 150 times 150 sites with periodic boundary condition imposed in both x and y directions. In all the cases below, we assume a simple pulse of optical vortex:
where ω is the frequency, |B 0 | determines the strength of the magnetic field, and σ gives the beam duration. For J ∼ 5 meV, B 0 = 0.1 is about 9 Tesla, σ = 20 /J about 3 ps, and ω = 1 about 1.2 THz. In the following, we propose two ultrafast applications of optical vortex, anisotropic spin wave excitations and generation of topological defects. In both cases, below we assume THz optical vortices with nanoscale beam waist W ∼ 10a, which is orders of magnitude smaller than the wavelength. As we show in the supplementary material and discuss lat er, even with much larger beam waists, qualitatively the same results can be observed by using proper materials. Spin waves and magnetic resonance-First we apply optical vortex to ferromagnets with D = 0. In this case the sign of OAM is unimportant, but the spatial profile of optical vortices still leads to spin wave excitations with characteristic spatial distribution depending on the value of OAM. Here we only focus on linearly polarized waves e p =x with finite OAM. In the supplementary material, we give a discussion for circularly polarized optical vortices and Gaussian beams without OAM.
For high frequency beams satisfying ω J, H z , as shown in Fig. 2 , we have multipolar spin waves (dipolar, quadrupolar, octapolar) depending on OAM of those beams. On the other hand, at the magnetic resonance (ω ∼ H z ), the spin wave amplitudes become drastically larger, and the multipolar wavefronts connect with each other to be spiral-shaped as shown in Fig. 3 . In both cases, the spin structure is modulated from the collinear ferromagnetic state in an inhomogeneous way. Therefore, if (and only if) the laser beam carries OAM, we can dynamically induce the scalar spin chirality χ i,j,k = S i · (S j × S k ) (j, k are neighboring sites of the site i) as shown in the right-bottom panel of Fig. 3 . The nonvanishing net chirality χ = i χ i,i+ŷ,i+x + χ i,i+x,i−ŷ + χ i,i−ŷ,i−x + χ i,i−x,i+ŷ would lead to the topological Hall effect [34] [35] [36] [37] [38] [39] in itinerant magnets, but the quantitative analysis is beyond the scope of this paper and may be presented elsewhere.
Generation of topological defects-As we see in Fig. 1 , the optical vortex with non-vanishing OAM has radially anisotropic field distribution. This induces either chiral or anti-chiral twist to the spin texture depending on the sign of the OAM. In chiral magnets with D = 0, such twisted nature of the perturbation should compete with the intrinsic chirality of the magnets determined by their DM interaction.
In the following calculations, we take left-handed optical vortices with polarization vector e p =x + iŷ. The polarization dependence and the case for Gaussian beams without OAM are discussed in the supplementary material. For left-handed beams, the twist induced to the spin texture by them is CW (CCW) for negative (positive) OAM. Since our model Eq. (S1) stabilizes skyrmions with CW spin twisting, for negative OAM, the chiralities of light and magnets are in a sense consistent. Here we take the following parameters: W = 10a, ω = 0.075, σ = 10, t 0 = 30, B 0 = 0.15, D = 0.15, H z = 0.015, and α = 0.1 [57] . With these beam parameters, the magnetic field Eq. (4) becomes a half-cycle pulse both for B x and B y as shown in Fig. 4 , and the beam waist is comparable with the size of skyrmions. For J ∼ 5 meV, the frequency is about 0.1 THz and the peak values of the fields are about 10 Tesla. We assume the initial state at t = 0 to be the meta-stable perfect ferromagnetic state in the skyrmion crystal phase of the model Eq. (S1). In this phase skyrmionic defects are once formed, stable against weak perturbations such as thermal fluctuations [42] (experimentally skyrmions in some materials can survive even at the room temperature). Hence, even if we take the heating effect ignored in this paper into account, the following results will hold at least qualitatively.
In Fig. 4 , we present the OAM dependence of the dynamics of the laser-irradiated chiral magnet. As we noted, in the present setup, m < 0 optical vortex twists the spin texture in a way consistent with the intrinsic chirality of the target. In combination with the topological singularity (ρ = 0) where the field amplitude is zero, this results in the generation of skyrmioniums for m = −1. Due to the destructive effect of the frequent changes in the sign of magnetic fields around the topological singularity, for m < −1 we do not obtain skyrmionium. Nevertheless, the OAM dependence of the outcome is clear: the number of skyrmions after the irradiation is given by sign(m)(m + 1). Therefore, we can encoded OAM of optical vortices into chiral magnets as their topological charge. Although the field strength assumed here is strong as THz beams, the field enhancement accompanied by the subwavelength focusing [30] would resolve this issue. Here we comment on the timescale of the process we discussed. As for the creation of skyrmionium, the timescale of its creation with the present scheme (with m = −1 beam) turns out to be much shorter than other schemes, and is essentially unchanged even the size of skyrmions is varied (see the supplementary material). The scheme using heating with vortex beams [26] requires beams with period O(100) /J long and that using spin-polarized current [49] needs a pulse with duration of O(10 4 ) /J [58] , while with our scheme its creation completes within O(10) /J (see more details in the supplementary material). Behind the short timescale, there are two features of optical vortices: coherent coupling with spins and the φ-dependent spatial profile, which generate the desired twisted spin texture directly in the THz timescale.
Concluding remarks-In this paper, we proposed two ultrafast magnetic phenomena induced by subwavelength optical vortices. We found that OAM of optical vortex can be encoded in magnets in the form of anisotropic spin waves or topological defects.
We show that there appears the non-vanishing net spin chirality due to the anisotropic spin waves, which would lead to the laser-induced topological Hall effect. With regard to topological defects in chiral magnets our findings offer a scheme for the ultrafast generation of them. Unlike other known schemes, our method can generate multiple skyrmions at the same time in a controlled way.
Finally, we comment on the experimental feasibility of the proposed phenomena. First, the excitation of the anisotropic spin waves in Figs. 2 and 3 are rather easy, since they are long-wavelength phenomena by nature and do not actually require the subwavelength focusing. On the other hand, the feasibility of the generation of topological defects in Fig. 4 is more subtle. As we mentioned in the introductory part, the THz focusing is at the very early stage of its study, and at present the maximum focusing achieved experimentally is by a factor of three to four [33] , and it is indeed quite challenging to realize the "nanometre" scale focusing we assumed in Fig. 4 . However, as discussed in the supplementary material, we can verity that the proper beam waist for the proposed phenomena simply scales with the intrinsic length scale of the target materials, the size of skyrmions. Therefore, by using materials with large skyrmions discovered recently [54, [59] [60] [61] [62] [63] [64] , the requirement for the focusing factor can be drastically relaxed and we could realize the OAM encoding in Fig. 4 .
SUPPLEMENTALLY MATERIAL FOR "ENCODING ORBITAL ANGULAR MOMENTUM OF LIGHT IN MAGNETS"
As in the main text, in this supplementary material we set = J = 1, namely measure energy in the unit of J and time in /J. For all the numerical calculations based on the Landau-Lifshiz-Gilbert (LLG) equation below, we use the forth-order Runge-Kutta method with timestep ∆t = 0.2 in spatially periodic systems. When J = 5 meV, ∆t corresponds to 26 fs. The Gilbert damping constant is α = 0.1, same as in the main text.
TWO DIMENSIONAL CHIRAL MAGNETS AND SKYRMIONS
In the main text, we used a canonical model of two dimensional chiral ferromagnets on a square lattice:
Here we shortly review the static properties of this model, particularly focusing on topological defects, skyrmions in that. The first term (J > 0) describes the ferromagnetic Heisenberg interaction and the second term does the Zeeman coupling between magnetic moments and the external magnetic field H = (0, 0, H z ). The third term, called the Dzyaloshinskii-Moriya (DM) term favors the twisted spin texture. These three terms compete with each other and result in the ground state phase diagram shown in Fig. S1 . There appear three distinct phases depending on the
FIG. S1. Ground state phase diagram of the model Eq. (S1). Depending on the ratio
HzJ/D 2 , we have three distinct phases. We show typical spin configurations in these phases obtained by LLG calculations. The color indicates the z component of spins and arrows do their x, y components.
Under the strong external magnetic field H z , the system is ferromagnetic and all the spins align in the positive z-direction. On the other hand, if the magnetic field is very weak, ferromagnetic Heisenberg interaction and DM interaction turn the system into the helically ordered state. In between them, there exists the skyrmion crystal phase where skyrmions, localized magnetic defects with (clockwise) in-plane spin configuration, form a triangular lattice in the ground state. Skyrmions can also appear in the form of isolated magnetic defects in the ferromagnetic phase as metastable defects.
The spin configuration of a skyrmion is presented in Fig. S2 (a) (and the middle panel of Fig. S1 ). Skyrmions are characterized by their nontrivial topological number N sk defined by
In the continuum space, Eq. (S2) is quantized to an integer and any smooth deformations to the spin texture cannot change N sk . Since the spin texture of skyrmions give a non-vanishing N sk , they are stable against continuous deformations. Although this quantization is imperfect in lattice systems, the topological nature of skyrmions makes them energetically meta-stable magnetic defects.
At the center of each skyrmion, spins point to the opposite direction with respect to the background spin structure. In other words, spins in skyrmions are π-rotated from those in the outside. Then, we can easily generalize this into nπ-rotation. If n = 2, spins in and outside that defects point to the same direction (+z-direction for example), but they are separated by a closed domain formed by spins with negative m z . As a whole, the defect with 2π spin rotation, called skyrmionium, looks like a ring in terms of m z . In Fig. S2 , we show the spin texture of a (a) skyrmion (π vortex) and (b) skyrmionium (2π vortex). 
USE OF BEAMS WITH LARGER WAIST
In the main text, we assumed the deep subwavelength focusing of optical vortices. In this section, we show that this assumption is not quite essential for our results, i.e. we can reproduce the qualitatively the same results using optical vortices with much larger beam waist for proper parameters.
In Fig. S3 , we show the anisotropic spin wave excitation induced by optical vortices with W = 30a, which is four times larger than that assumed in the main text (the temporal profile of the beam is the same as in the main text Fig. 3) . We see that the OAM dependence of the shape of the spin wavefronts is the same as in the main text. This is because there is no length scale in our model other than the lattice constant (a) (here we assume D = 0). Consequently as long as the beam waist of the optical vortex is much larger than the lattice constant, the shape of wavefronts induced by the beam becomes at least qualitatively the same even for different beam waists.
As for the generation of topological defects, however, matching the length scale of the beam waist and that determined by the DM interaction, i.e. the skyrmion size, is important. Although it is quite challenging to achieve the deep focusing down to nanometer scale, as we mentioned in the main text, the proper beam waist of optical vortex will be more accessible values by using materials with large skyrmions. Fig. 3 in the main text. We show snapshots of the x-component of spins at t = 100. The system size is 300a times 300a where a is the lattice constant.
As Fig. S4 shows, by using smaller D/J and H z /J, or a model with larger skyrmions, indeed we can reproduce the results in Fig. 4 of the main text. Namely, the relationship between m and the topological number after the irradiation for optical vortex in the main text holds for larger beam waist (here we assume W = 50a, five times larger than that in the main text). The important point is that we could obtain Fig. S4 by using the optical vortex with the same temporal profile (a half-cycle pulse with the same frequency) as in Fig. 4 of the main text. That is, the proper frequency to cause this phenomenon, i.e. the OAM encoding, does not change even if we decrease D, or use materials with larger skyrmions. Therefore, from Fig. S4 we can expect that the proper beam waist for THz optical vortex scales with the size of skrymions and the strong nano-focusing required to realize OAM encoding can be relaxed to a micrometer scale in reality.
Finally we discuss the timescale of the formation process. In Fig. S4 we show the snapshot for W = 50a at t = 1500, which are both five times larger and longer than those in the main text. For materials with larger skyrmions, it takes longer time for the laser-induced defects to be relaxed to their equilibrium states. However, we find that for m = −1, the topological structure itself develops at the very early stage of the equilibration process as shown in Fig. S5 . Here we plot the "cummulative" skyrmion number
calculated for spins within the circle with radius R (measured from the center of the beam spot) for m = ±1 and W = 10a, 30a, 50a. We fix JH z /D 2 = 0.6 and take D = 0.08 50a W . Since the skyrmionium is a bound state of a skyrmion and anti-skyrmion, its cummulative skyrmion number shows the bump structure as a function of R. In  Fig. S5 , we see that the formation of the bump is qualitatively completed even right after the optical vortex pulse passes (we are assuming a pulse with σ = 10, t 0 = 30) even when the beam waist (thus the size of skyrmion) is large. Therefore, the timescale of generating skyrmioniums with m = −1 optical vortices is essentially unchanged even for materials with large skyrmions. For m = −1, on the other hand, as we mentioned in the main text, the formation of the laser-induced defects depends strongly on the spin dynamics governed by the DM interaction. As a result, we see that the timescale becomes longer for larger beam waist. In the figure, as an example we show the results for m = +1 beams under which a pair of skyrmions (each has the skyrmion number −1) are created, and the total topological number after the laser irradiation is −2.
With increasing the size of skyrmions (and skyrmioniums) in the steady state, their creation/annihilation take longer time under the conventional schemes since their timescale is determined by the magnitude of D, which is smaller for large skyrmion materials. Our results show that at least for the creation (and possibly the annihilation) of skyrmioniums, optical vortices could resolve the timescale issue. Hence, as far as the topological structure is concerned, by using the subwavelength optical vortices, we can generate the large skyrmioniums in the THz timescale.
FIG . S4 . Transfer of orbital angular momentum from circularly polarized ( ep =x + iŷ) optical vortices with ω = 0.075, B0 = 0.15, and W = 50a to the model of chiral magnets Eq. (S1) with D = 0.07, Hz = 0.003, and α = 0.1. We show the spin structure at t = 1500, which is about 200 ps if J = 5 meV. The temporal profile of the pulse is the same as Fig. 4 in the main text. The system consists of 500 times 500 sites with the periodic boundary condition imposed.
MAGNETO-ELECTRIC COUPLING
In insulating chiral magnets like Cu 2 OSeO 3 , magneto-electric (ME) coupling allows us to control the magnetic texture with electric fields, instead of magnetic fields. Because the electric field of a laser beam is usually much 
we find that for right-handed optical vortices with e p =x − iŷ, the ME coupling from p-d hybridization Eq. (S6) can indeed generate topological defects just as the Zeeman coupling with left-handed optical vortices. In Fig. S6 , we show time evolution of spins for D = 0.15, H z = 0.015, and α = 0.1 under the electric field Eq. (S5) with W = 10a, p = 0, ω = 0.075, σ = 10, t 0 = 30, and E 0 λ = 0.25. For J ∼ 1 meV and λ ∼ 10 −32 Cm, the electric field strength corresponds to 40 MV/ cm. We see that the final states after the irradiation are qualitatively the same as those in the case of Zeeman coupling discussed in the main text. Namely, we can generate a skyrmionium and skyrmions depending on the OAM of optical vortices. For left-handed electric field, we do not observe any topological defects after the irradiation for all these OAMs. We also observe multipolar spin wave excitations for linearly polarized electric fields with e p =x as shown in are preserved since the electric field field is rather weak. Therefore the effective field Eq. (S6) is almost equivalent to Zeeman coupling with a magnetic field B = (λE y , λE x , 0), so it is natural to have qualitatively the same outcome. The situation is the same at the resonance ω = H z and we have spiral-shaped spin waves with larger amplitudes.
GAUSSIAN BEAM
In the main text, we saw that linearly polarized optical vortices with non-vanishing OAM can induce spin dipolar-, quadrupolar-, and octapolar-radiations, and left-handed, circularly polarized optical vortices offer an efficient way of creating topological defects in chiral magnets. Here for comparison we show the result for m = 0, namely ordinary Gaussian beams without carrying OAM. As shown in Fig. S8 , even for the linearly polarized e p Gaussian beam at the resonance, the spin wave is excited, but its spatial distribution is radially isotropic, contrary to the multipolar radiations from finite OAM lasers discussed in the main text. Since the m = 0 Gaussian beam does not twist the spin texture non-uniformly unlike optical vortex, as shown in Fig. S9 , we could not obtain any topological defects after the irradiation for left-handed beam even with the same beam strength used in the main text. The situation is the same for ME coupling as shown in Fig. S10 . That is, Gaussian beams without OAM are not suitable for creating topological defects unlike optical vortices in Fig. S6 .
OPTICAL POLARIZATION DEPENDENCE
Here we discuss the optical polarization dependence of the phenomena discussed in the main text, namely spin waves and creation of topological defects.
Anisotropic spin waves
In the spin wave part of the main text, we focused on the linearly polarized beams e p =x and discussed multipolar spin waves from high frequency beams and spiral spin waves from beams with the frequency at the magnetic resonance. Here we discuss spin wave excitations at the magnetic resonance by circularly polarized beams. We consider both left and right handed beams e p =x ± iŷ. For OAM m = 2, in Fig. S11 , we show the x-component of spins after the laser irradiation. For the left handed cases, we clearly see the spiral-shaped wavefronts with the wave amplitude larger than the linearly polarized case in the main text. For the right handed cases, however, the amplitude is much smaller. The spatial structure of the wavefronts is spiral but unclear from the figure due to the small amplitude of the spin wave. The spiral wave fronts can be observed for the left-handed off-resonant beams with ω J, H z , but the wave amplitude gets much smaller just as we saw for linearly polarized case in the main text. We also show the time-dependence of magnetic fields for the left handed case at φ = 0 and ρ = w.
Creation of topological defects
In the main text, we considered left-handed waves with e p =x + iŷ to create magnetic defects. If we take ω = 0, left-handed optical vortices with OAM m > 0 and right-handed ones with OAM −m are equivalent. However, once we have finite ω, there appears clear difference. It turns out that right-handed optical vortex with e p =x − iŷ is not suitable for the creation of topological defects as opposed to the left-handed one. We calculate the time evolution of spins for the right handed beams using the same parameters in the We can understand the difference between left and right handed beams by moving into the rotating frame with frequency ω as shown in Fig. S13 . In this frame, the magnetic field of optical vortex is transformed into a superposition of the static in-plane (anisotropic) magnetic field and the rotation-induced static magnetic field in the z-direction. The sign of the rotation-induced field depends on whether the original optical vortex is left or right handed. In our setup, rotation-induced field is in the (−z)-direction for left-handed optical vortex, which is the opposite to the uniform external magnetic field. Therefore, left-handed beams are more suitable for exciting spin waves and creating topological defects.
FIG. S13. The rotating-frame interpretation of the polarization dependence. By moving into the rotating frame, we can transform the circularly polarized beam into a sum of the static in-plane magnetic field and the out-of-plane effective field.
We also comment on the use of linearly polarized magnetic fields for the creation of defects. Since linearly polarized field with, for example, e p =x is a superposition of left and right-handed beams, as a tool for creating defects, it
